INTRODUCTION {#sec1-1}
============

Of the various illnesses that affect teeth, periodontitis is a common disease results in the destruction of supporting structures of the teeth, ultimately which cause tooth loss.\[[@ref1]\] A lot of studies have been carried out on this, to ascertain and establish any association of periodontal problems with diseases that are systemic in nature.\[[@ref2][@ref3][@ref4]\] The World Health Organization has observed that oral diseases of the nature of periodontitis can be serious, to such an extent that a new branch of periodontology named "medical periodontology" has been identified by the researchers, Williams and Offenbacher.\[[@ref5][@ref6]\] These restate the fact that adequate emphasis needs to be given to the studies connected between periodontitis and other systemic conditions.\[[@ref6]\] As established, the disease called atherosclerosis often leads to deaths, as seen worldwide, such that peripheral artery disease (PAD) usually related to atherosclerosis affects peripheral arteries by reducing lumen, and the commonly seen symptom of which is seen as claudication that occurs intermittently.\[[@ref7][@ref8]\]

In the cause and progression of PAD, systemic hyperinflammation is likely to cause a 2-to-6-fold increase in cardiovascular mortality.\[[@ref9]\] The relation between periodontal disease and cardiovascular diseases (CVD) was analyzed in many studies.\[[@ref10]\] However, the studies conducted to investigate the relation between PAD and periodontitis is negligible.\[[@ref8][@ref11][@ref12][@ref13][@ref14]\] There are quite a lot of inflammatory markers identified associated with the increase in CVD and PAD.\[[@ref15][@ref16][@ref17]\] One of the established reason for PAD is the increased level of high-sensitive C-reactive protein (hs-CRP).\[[@ref17][@ref18]\] However, pentraxin-3 (PTX-3), an inflammatory marker, of late, has become the focus of many extensive studies to establish a possible link.\[[@ref19][@ref20]\] The present study aims at evaluating the relation between PAD and periodontal disease, by analyzing and examining the levels of inflammatory cytokines PTX-3 and hs-CRP, in serum.

MATERIALS AND METHODS {#sec1-2}
=====================

Study population {#sec2-1}
----------------

This cross-sectional study was conducted in accordance with the applicable ethical principles independently reviewed and approved by the Ethical Committee of the Institution from February 2017 to June 2017. Participants were divided into two groups, consisting of those with PAD (*n* = 25) and those without (*n* = 25).

Patients who underwent periodontal treatment or used antibiotics within the last 3 months; who had lesser than 10 teeth (excluding the third molar); pregnancy or lactation; or under any physically debilitating conditions such as cancer, end-stage kidney disease, or active rheumatic disease were excluded from the study. Patients between 35 and 55 years of age were included in the study. Participants were assessed clinically and radiographically for oral health. The clinical examination was performed by a single examiner. A total of 10 patients with probing pocket depth of ≥ 8mm in at least six teeth in the oral cavity, (measured using UNC-15 periodontal probe) and clinical attachment loss (CAL) ≥6 mm were diagnosed as chronic generalized severe periodontitis. The periodontal pockets and clinical attachment level were measured at six sites for every tooth in the oral cavity. Various clinical parameters were taken into consideration which included plaque index (PI) (Silness and Loe, 1964 ), gingival index (Loe and Silness, 1963), probing pocket depth (PPD), CAL, and periodontal inflammatory surface area (PISA).\[[@ref13]\] A UNC-periodontal probe (Hufriedy, Chicago) was used for periodontal measurements. Clinical evaluation of PAD was measured using ankle--brachial index (ABI) defined as the ratio of blood pressure in the lower legs to the blood pressure in the arms \[[@ref21]\] for which a Dopplex ABIlity-Automatic ABI system was used. Patients with ABI values of ≤0.90 were diagnosed as having PAD (the test group), and those with ABI values of \>1.00 were defined as not having PAD (non-PAD, the control group).

Biochemical analysis was carried out which included total cholesterol (TC), low-density lipoprotein (LDL), high-density lipoprotein (HDL), and very LDL (VLDL).

Collection of samples {#sec2-2}
---------------------

Blood sampling was performed, by collecting the venous blood from the antecubital vein by a standard venipuncture method, and serum was separated from blood by centrifugation at 1500 g for 10 min. The resulting serum sample from each participant was divided among three microcentrifuge tubes (Eppendorf) and stored at −80°C until analysis.

Laboratory assessment {#sec2-3}
---------------------

Double antibody sandwich ELISA was performed to assess the serum samples collected, and it was done by the same examiner. A specific ELISA kit was used according to the manufacturer\'s instructions for both PTX-3 and hs-CRP assessments, which were determined in nanograms and milligrams, respectively.

Statistical analysis {#sec2-4}
--------------------

Data were analyzed using SPSS version 22.0 IBM SPSS (IBM Inc. Chicago, USA). Independent *t*-test was done for intergroup comparison. *P* \< 0.05 is considered statistically significant. Pearson correlation test was used to find the association between periodontitis and PAD \[Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}\].

###### 

Comparison of mean values of various parameters
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###### 

Association between chronic peridontitis and peripheral arterial disease, evaluated by comparison of periodontal clinical parameters and biochemical parameters of peripheral arterial disease (assessed by Pearson Correlation test)
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RESULTS {#sec1-3}
=======

From [Table 1](#T1){ref-type="table"} and [Graph 1](#G1){ref-type="fig"}, showing mean values of age and from various clinical and biochemical parameters in patients with PAD and non-PAD, it was inferred that among the clinical parameters, there was statistically significant difference between PI, CAL, and PISA with higher mean values in patients with PAD having periodontitis.

![Mean values of various clinical and biochemical parameters in both chronic periodontitis with peripheral arterial disease group (test group) and chronic periodontitis without peripheral arterial disease (control group). PI -- Plaque Index; GI -- Gingival Index; PD -- Probing depth; CAL -- Clinical attachment loss; PISA -- Periodontal inflammatory surface area; LDL -- Low density lipoprotein; HDL -- High density lipoprotein; VLDL -- Very low density lipoprotein; (HS) CRP -- High--sensitive C-reactive protein; PAD -- Peripheral arterial disease](JISP-22-112-g003){#G1}

In biochemical parameters, there are statistically significant difference considered for the study between PAD patients and non-PAD patients, with higher mean values of TC, LDL, hs-CRP, and PTX. Lower values in VLDL indicated that PAD might have some association with periodontitis. However, to find the association, a correlation test should be performed.

From [Table 2](#T2){ref-type="table"}, which correlates various biochemical parameters with clinical parameters, following conclusions can be inferred:

TC has highly significant positive correlation with PD and CAL which denotes that when TC value increases, the PD and CAL values increases and vice versaLDL has highly significant moderate positive correlation with PISA, which denotes that when LDL value increases, the PISA value increases (when PISA value increases, periodontitis rate increases) and vice versaParameter HDL has no significant correlations with any clinical parameterVLDL has highly significant positive correlation with PD and CAL which denotes that when VLDL value increases, the PD and CAL increases (when PD and CAL increases, periodontitis rate increases) and vice versa.hs-CRP has highly significant positive correlation with PD and CAL which denotes that when hs-CRP value increases, the PD and CAL increases (when PD and CAL increases, periodontitis rate increase) and vice versaPTX has a highly significant positive correlation with PD and CAL which denotes that when PTX value increases, the PD and CAL increases (when PD and CAL increases, periodontitis rate increases) and vice versaPTX has highly significant moderately positive correlation with PISA which denotes that when the PTX value increases, the PD and CAL increases (when PISA increases, periodontitis rate increases) and vice versa.

DISCUSSION {#sec1-4}
==========

The interaction between supragingival and subgingival biofilms and inflammatory response of the host will result in periodontal diseases. Therefore, it should be considered more as systemic conditions, which means that they are modulated by the body\'s systems and play a role as a risk factor in systemic diseases. The association of periodontal diseases in accentuating the risk of various cardiovascular events has been demonstrated by several studies that have been successful in drawing up a biological plausibility among both the parameters.\[[@ref2][@ref22]\] Lipopolysaccharides of bacteria and host-derived inflammatory cytokines in the pathogenesis of periodontitis can alter the systemic vasculature by initiating and elevating vacuities and atheroma formation.\[[@ref3]\] In the recent years, many "novel" circulating markers, including CRP, fibrinogen, lipoprotein (a), and homocysteine, have been declared or suspected as potential risk factors in atherothrombotic vascular disease.\[[@ref8][@ref18]\]

Similarly, in periodontal disease, locally produced proinflammatory mediators such as IL-6, TNF-α, and IL-1B may be released into the circulation and show systemic or distant effects, such as mobilizing of monocytes, endothelial adhesion molecules, and macrophage uptake of lipids. It has been demonstrated that *Porphyromonas gingivalis* can promote the expression of cell adhesion molecules such as ICAM-1, VCAM-1, P-selectin, and E-selectin in endothelial cells. *Treponema denticola* secretes a specific protease, which has an affinity to adhere and invade endothelial cells.\[[@ref10]\] According to Hung HC *et al*.,\[[@ref12]\] tooth loss was significantly associated with PAD, especially among men with periodontal diseases. The results support a potential oral infection--inflammation pathway for PAD. An analysis of NHANES 1999-2002 data has deduced a cross-sectional relationship between PAL and PVD stating that the presence of PVD as assessed by ABI, which is the ratio of systolic blood pressure in both ankles (posterior tibial arteries) to that in the right arm (brachial artery).\[[@ref13]\] In patients with chronic vascular diseases, endothelial function is reframed by cytokines such as TNF-α (tumor necrosis factor-alpha), IL (interleukin)-1, IL-6, and IFN (interferon-gamma).\[[@ref14]\] Shankar *et al*.\[[@ref17]\] conducted a cross-sectional study, which revealed higher CRP levels are associated with PAD among US adults free of CVD, diabetes, and hypertension, which suggest that inflammatory cascade in atherosclerosis may be functional even in clinically healthy adults. There is a positive correlation between higher CRP levels PAD, independent of smoking, waist circumference, body mass index, blood pressure, glycosylated hemoglobin, serum TC, and other confounder multivariables.\[[@ref17]\] A follow-up analytical study was conducted for 6 years by Zhou *et al*.\[[@ref18]\] to probe into the value of plasma PTX3 level, for the purpose of assessing PAD. It led to the conclusion that the diagnostic sensitivity and specificity of PXT3 were higher compared to that of hs-CRP. This is substantiated by the release PTX3 as a response to vascular damage; its levels may be strongly related to the later stages of atherosclerosis, by giving vital information on atherosclerosis in progression, rather than nonspecific markers such as CRP. Jenny *et al*.\[[@ref23]\] conducted a multiethnic study which revealed that it is associated with age, fasting insulin, systolic blood pressure, CRP, and IL-6, with no association with BMI or lipids.

PTX3 is an acute-phase response protein which is usually low under normal conditions (\<2 ng/ml in man), increases (peak at 6--8 h) dramatically (200--800 ng/ml) during endotoxic shock, sepsis, and other conditions of inflammation and infections correlated generally to the outcome and severity of diseases. Angiogenesis can be modulated by the PTX3/FGF2 in different physiopathological stages (Presta *et al*., 2007). PTX3 promotes removal of selected pathogens by professional phagocytes, inhibits removal of apoptotic cells by macrophages, preventing inflammatory uptake of late apoptotic cells and presentation by antigen-presenting cells (Garlanda C *et al*., 2009).\[[@ref24]\] Rolph *et al*.\[[@ref25]\] documented PTX-3 expression in advanced human atherosclerotic lesions and suggested that it might contribute to the pathogenesis of atherosclerosis. Pradeep *et al*.\[[@ref26]\] suggested that PTX-3 is a good indicator for periodontal tissue destruction, and its association with periodontal clinical parameters has been established.

CONCLUSION {#sec1-5}
==========

Within the limitations of this study, PTX is introduced as the best indicator showing an association between PAD and periodontitis, followed by hs-CRP, TC, VLDL, LDL, whereas HDL is the poor indicator for the association between chronic periodontitis and PAD. Owing to the site-specific nature of the periodontal disease, we assumed that gingival crevicular fluid could provide results with greater objectivity than those obtained with serum, hence, for the purpose of better clarification, of this possible relationship, further studies might be needed.
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